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S1. Generation of structural models using AIRSS 
 
The AIRSS input CELL file is shown below. The line “H 0.25… 0.25… 0.75… # 
H % NUM=2 POSAMP=3” instructs AIRSS to place two H atoms at the site of a Mg3 
vacancy and move each of them by a random distance (of maximum 3 Å). The global 
“#POSAMP=0” ensures the positions of the other atoms do not change, and 
“#MINSEP=0.75” ensures dihydrogen molecules are not generated. 
 
AIRSS CELL file: 
%BLOCK LATTICE_CART 
      11.460000000000022       0.000000000000000       0.000000000000000 
       0.000000000000000       5.692100000000002       0.000000000000000 
       0.000000000000000       0.000000000000000       8.253000000000004 
#FIX 
%ENDBLOCK LATTICE_CART 
FIX_ALL_CELL : true 
%BLOCK POSITIONS_FRAC 
  O   0.3729000000000000   0.9891999999999989   0.7428999999999997 
  O  -0.1271000000000002   0.4891999999999988   0.2428999999999997 
  O   0.6271000000000002   0.5108000000000016   0.7428999999999997 
  O   0.1271000000000001   0.0108000000000012   0.2428999999999998 
  O   0.6271000000000002   0.4891999999999991   0.2571000000000003 
  O   0.1271000000000001   0.9891999999999989   0.7571000000000002 
  O   0.3729000000000000   0.0108000000000014   0.2571000000000003 
  O  -0.1271000000000002   0.5108000000000013   0.7571000000000002 
  O   0.6271000000000002   0.0108000000000015   0.2571000000000003 
  O   0.1271000000000001   0.5108000000000013   0.7571000000000002 
  O   0.3729000000000000   0.4891999999999989   0.2571000000000003 
  O  -0.1271000000000002   0.9891999999999989   0.7571000000000002 
  O   0.3729000000000000   0.5108000000000016   0.7428999999999999 
  O  -0.1271000000000002   0.0108000000000014   0.2428999999999998 
  O   0.6271000000000002   0.9891999999999992   0.7428999999999999 
  O   0.1271000000000001   0.4891999999999989   0.2428999999999997 
  O   0.5000000000000001   0.2500000000000002   0.9686999999999999 
  O   0.5000000000000001   0.2500000000000002   0.4667999999999997 
  O  -0.0000000000000000   0.7500000000000002   0.4687000000000000 
  O  -0.0000000000000000   0.7500000000000002   0.9667999999999998 
  O   0.5000000000000000   0.7500000000000002   0.0313000000000001 
  O   0.5000000000000000   0.7500000000000002   0.5332000000000003 
  O  -0.0000000000000000   0.2500000000000001   0.5313000000000001 
  O  -0.0000000000000000   0.2500000000000001   0.0332000000000004 
  O   0.7394999999999993   0.7500000000000003   0.5056000000000003 
  O   0.2394999999999991   0.2500000000000002   0.0056000000000003 
  O   0.2605000000000010   0.7500000000000002   0.5056000000000003 
  O  -0.2394999999999992   0.2499999999999998   0.0056000000000002 
  O   0.2605000000000010   0.2500000000000002   0.4943999999999998 
  O  -0.2394999999999992   0.7500000000000001   0.9943999999999998 
  O   0.7394999999999993   0.2500000000000002   0.4943999999999998 
  O   0.2394999999999991   0.7500000000000001   0.9943999999999998 
 H    0.2500000000000001   0.2500000000000001   0.7499999999999999 # H % NUM=2 
POSAMP=3 
 Mg   0.7500000000000001   0.2500000000000002   0.7500000000000001 
 Mg   0.7500000000000001   0.7500000000000002   0.2500000000000001 
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 Mg   0.2500000000000001   0.7500000000000002   0.2500000000000000 
 Mg   0.0000000000000000   0.7500000000000001   0.2200999999999996 
 Mg   0.5000000000000000   0.2500000000000001   0.7200999999999996 
 Mg   0.0000000000000000   0.2499999999999999   0.7799000000000005 
 Mg   0.5000000000000000   0.7500000000000002   0.2799000000000004 
 Mg   0.3763999999999995   0.0000000000000001   0.0000000000000001 
 Mg   0.6236000000000007   0.5000000000000001   0.0000000000000001 
 Mg   0.1236000000000006   0.0000000000000001   0.5000000000000000 
 Mg   0.6236000000000007   0.0000000000000003   0.0000000000000001 
 Mg   0.1236000000000006   0.5000000000000000   0.5000000000000000 
 Mg   0.3763999999999995   0.5000000000000003   0.0000000000000001 
 Mg   0.8763999999999995   0.0000000000000003   0.5000000000000001 
 Mg   0.8763999999999995   0.5000000000000004   0.5000000000000001  
 Si   0.3701000000000000   0.2500000000000004   0.3665999999999987 
 Si  -0.1299000000000002   0.7500000000000003   0.8665999999999986 
 Si   0.6299000000000002   0.2499999999999999   0.3665999999999987 
 Si   0.1299000000000001   0.7499999999999998   0.8665999999999986 
 Si   0.6299000000000002   0.7500000000000003   0.6334000000000014 
 Si   0.1299000000000001   0.2500000000000002   0.1334000000000015 
 Si   0.3701000000000000   0.7500000000000001   0.6334000000000015 











An output CELL file generated from the AIRSS process, which can be used for further 
CASTEP calculations, is shown below.  
 
Generated  CELL  file:  
%BLOCK LATTICE_CART 
  11.460000000000022   0.000000000000000   0.000000000000000 
   0.000000000000000   5.692100000000002   0.000000000000000 




   O   0.372900000000000   0.989199999999999   0.742899999999999 
   O   0.872900000000000   0.489199999999999   0.242900000000000 
   O   0.627100000000000   0.510800000000002   0.742899999999999 
   O   0.127100000000000   0.010800000000001   0.242900000000000 
   O   0.627100000000000   0.489199999999999   0.257100000000000 
   O   0.127100000000000   0.989199999999999   0.757100000000000 
   O   0.372900000000000   0.010800000000001   0.257100000000000 
   O   0.872900000000000   0.510800000000001   0.757100000000000 
   O   0.627100000000000   0.010800000000001   0.257100000000000 
   O   0.127100000000000   0.510800000000001   0.757100000000000 
   O   0.372900000000000   0.489199999999999   0.257100000000000 
   O   0.872900000000000   0.989199999999999   0.757100000000000 
   O   0.372900000000000   0.510800000000002   0.742900000000000 
   O   0.872900000000000   0.010800000000001   0.242900000000000 
   O   0.627100000000000   0.989199999999999   0.742900000000000 
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   O   0.127100000000000   0.489199999999999   0.242900000000000 
   O   0.500000000000000   0.250000000000000   0.968700000000000 
   O   0.500000000000000   0.250000000000000   0.466800000000000 
   O   0.000000000000000   0.750000000000000   0.468700000000000 
   O   0.000000000000000   0.750000000000000   0.966799999999999 
   O   0.500000000000000   0.750000000000000   0.031300000000000 
   O   0.500000000000000   0.750000000000000   0.533200000000000 
   O   1.000000000000000   0.250000000000000   0.531300000000000 
   O   1.000000000000000   0.250000000000000   0.033200000000000 
   O   0.739499999999999   0.750000000000000   0.505600000000000 
   O   0.239499999999999   0.250000000000000   0.005600000000000 
   O   0.260500000000001   0.750000000000000   0.505600000000000 
   O   0.760500000000001   0.250000000000000   0.005600000000000 
   O   0.260500000000001   0.250000000000000   0.494400000000000 
   O   0.760500000000001   0.750000000000000   0.994400000000000 
   O   0.739499999999999   0.250000000000000   0.494400000000000 
   O   0.239499999999999   0.750000000000000   0.994400000000000 
   H   0.192711168454776   0.786679356198195   0.849206932585415 
   H   0.413222667096391   0.081108848047837   0.858053016559826 
  Mg   0.750000000000000   0.250000000000000   0.750000000000000 
  Mg   0.750000000000000   0.750000000000000   0.250000000000000 
  Mg   0.250000000000000   0.750000000000000   0.250000000000000 
  Mg   1.000000000000000   0.750000000000000   0.220100000000000 
  Mg   0.500000000000000   0.250000000000000   0.720099999999999 
  Mg   0.000000000000000   0.250000000000000   0.779900000000000 
  Mg   0.500000000000000   0.750000000000000   0.279900000000000 
  Mg   0.376399999999999   0.000000000000000   0.000000000000000 
  Mg   0.623600000000001   0.500000000000000   0.000000000000000 
  Mg   0.123600000000001   0.000000000000000   0.500000000000000 
  Mg   0.623600000000001   0.000000000000000   0.000000000000000 
  Mg   0.123600000000001   0.500000000000000   0.500000000000000 
  Mg   0.376399999999999   0.500000000000000   0.000000000000000 
  Mg   0.876399999999999   0.000000000000000   0.500000000000000 
  Mg   0.876399999999999   0.500000000000001   0.500000000000000 
  Si   0.370100000000000   0.250000000000000   0.366599999999999 
  Si   0.870100000000000   0.750000000000000   0.866599999999998 
  Si   0.629900000000000   0.250000000000000   0.366599999999999 
  Si   0.123807630730438   0.746442285854145   0.868287040569803 
  Si   0.629900000000000   0.750000000000000   0.633400000000001 
  Si   0.129900000000000   0.250000000000000   0.133400000000001 
  Si   0.370100000000000   0.750000000000000   0.633400000000001 
  Si   0.870100000000000   0.250000000000000   0.133400000000001 
%ENDBLOCK POSITIONS_FRAC
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S2.  High-­‐‑lying  structures 
  
High-enthalpy structures were found to include those containing more than one 
silanol (Si–OH) group, O2 hydroxyls, or O1 hydroxyls orientated away from the Mg3 
vacancy. From the 103 fully optimised structures, only one was found to contain an O2 
hydroxyl (see Figure S2.1), while a total of five were found to contain unfavourably 













Figure  S2.1:  (a)  Schematic  showing  the  unit  cell  of  the  one  structure  (ranked  93/103)  found  
to  contain  an  O2  hydroxyl,  (b)  expansion  of  the  O2  hydroxyl  environment,  with  hydrogen,  
















Figure  S2.2:  Schematic  showing  an  O1  hydroxyl  pointing  towards  (B)  and  away  from  (E)  
the  Mg3  vacancy.  For  structures  A-­‐‑D  see  main  text.  
.
 6 
S3. Supercell calculations 
 
Supercell structures were generated based on the most stable fully-optimised 
AIRSS generated structure (structure A, see main text) as 2 × 2 × 1 supercells. A geometry 
optimisation was then performed on all atomic positions with the lattice parameters fixed. 
These resulted in structures with 4 × Mg3 vacancies and 8 × H atoms. The unchanged 
structure (i.e., with 8 × O1–H hydroxyls) provided a new enthalpy minimum (supercell I, 
Figure S3.1). For supercell II one H was moved to give an O3–H hydroxyl group (cf. B), 
giving 1 × O3–H and 7 × O1–H hydroxyls. Supercell III similarly has a single O4–H and 7 
× O1–H hydroxyls (cf. C). In such a model, the ratio of "defect" hydroxyls to hydroxyls 
bound to O1 is 1:7, rather than 1:1 as required in unit cell models. Supercell IV contains 8 × 
O1–H hydroxyls, equivalent to I, showing that increasing the system size allows the Mg3 
vacancies (and corresponding protons) to be spread about the system, increasing 
separation of like charges; an arrangement not available in the unit cell. 
 
Figure S3.1: Optimised 2 × 2 × 1 supercells I, based on A; II, with a single O3–H hydroxyl 
(as found in B); III, with a single O4–H hydroxyl (as found in C) and IV, with Mg3 
vacancies and 8 × O1–H hydroxyls spread to maximise separation of like charges. Si, O, 
Mg1 and Mg2 atoms omitted to allow focus on Mg3 atoms (yellow) and H (black).  
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The same change is induced going from I to II to III as from A to B to C, in that a proton is 
moved from a favourable O1–H!O4 environment to a less favourable position. Therefore, 
relative enthalpies are equivalent (with slight differences owing to the increased flexibility 
of the supercell system) at ΔH = 0.00, 0.47 and 0.56 eV for I, II and III respectively (Table 
S3.1). However, taking into account the change per formula unit with the 4-fold increase in 
system size from Mg12Si8O32H2 to Mg60Si32O128H8 gives ΔH = 0.00, 0.12 and 0.14 eV/unit. As 
such the increased positional entropy available to the supercell system alleviates some of 
the enthalpy cost of forming a less stable H environment. Therefore O3–H and O4–H 
hydroxyl groups are considered to form as defects while O1–H hydroxyls predominate. In 
the case of supercell IV, the increased flexibility of the supercell approach has allowed for 
an improvement due to greater spread of Mg3 vacancies, giving ΔH = –0.14 eV/unit (i.e., 
below I). 
  
Table S3.1: Comparison of relative enthalpies (ΔH) of supercells showing the reduction in 
ΔH as O3–H and O4–H hydroxyls are treated as defects and as Mg3 vacancies are spread 
in the supercell. 
 
Structure ΔH / eV ΔH/4a / eV 
I 0.00 0.00 
II 0.47 0.12 
III 0.56 0.14 
IV –0.56 –0.14 
a  i.e.,  corresponding  to  the  per  formula  unit  increase  in  the  supercell  structures.  
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S4. Modified Smyth model 
 
 The original Smyth structure represented a fully hydrated (~3.3 wt%) system, thus 
requiring some modification before it could be compared to the AIRSS-generated 
structures, which were based on a ~1.6 wt% hydration level. The modification simply 
involved replacing two protons with a magnesium on an Mg2 site, leaving two hydroxyls 
aligned parallel to the z-axis in close proximity to the remaining Mg2 vacancy, as shown in 






H Si Mg O Mg2 vac
 
Figure S4.1: Smyth structure modified to result in a ~1.6 wt% hydration level.  
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S5. 1H δ iso vs 2H CQ  
 
 A plot of 2H CQ  against 1H δiso is shown in Figure S5.1. It shows that, although O1 
hydroxyls can be separated from silanol hydroxyls using a combination of 1H δiso and 2H 
CQ, it is much more difficult to differentiate between the crystallographically-similar 






















Figure S5.1: Plot of calculated 2H CQ against 1H δiso for all 103 fully-optimised AIRSS-
generated structures of hydrous wadsleyite. 
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S6. Total enthalpies of computed structures 
Table S6.1: Total enthalpies of AIRSS-generated structures (see Figure 2). 
 



























































































































































































































































































































































































































































































































































































































































































































































































































































Table S6.2: Total enthalpies of fully-optimised structures (see Figure 2). 
 
Index Enthalpy / eV 
1 –31019.110225 
2 –31019.110155 
3 –31019.110058 
4 –31019.110055 
5 –31019.109645 
6 –31019.109543 
7 –31019.109377 
8 –31019.109367 
9 –31019.109335 
10 –31019.109328 
11 –31019.109311 
12 –31019.109287 
13 –31019.109261 
14 –31019.109241 
15 –31019.109155 
16 –31019.109141 
17 –31019.109018 
18 –31019.109010 
19 –31019.108995 
20 –31019.108938 
21 –31019.108838 
22 –31019.108820 
23 –31019.108709 
24 –31019.108670 
25 –31019.108666 
26 –31019.108631 
27 –31019.108590 
28 –31019.108573 
29 –31019.108221 
30 –31019.108031 
31 –31019.107959 
32 –31019.107807 
33 –31019.107431 
34 –31019.107088 
35 –31019.106923 
36 –31019.106895 
37 –31018.671057 
38 –31018.670534 
39 –31018.670421 
40 –31018.670184 
41 –31018.670184 
42 –31018.670125 
43 –31018.670039 
44 –31018.670010 
45 –31018.669925 
46 –31018.669913 
47 –31018.669885 
48 –31018.669885 
49 –31018.669837 
50 –31018.669804 
51 –31018.669799 
52 –31018.669789 
53 –31018.669727 
54 –31018.669655 
55 –31018.669471 
56 –31018.669405 
57 –31018.669280 
58 –31018.669040 
59 –31018.669029 
60 –31018.668788 
61 –31018.668482 
62 –31018.667846 
63 –31018.667805 
64 –31018.585085 
65 –31018.584103 
66 –31018.584036 
67 –31018.537492 
68 –31018.536166 
69 –31018.534626 
70 –31018.533708 
71 –31018.531184 
72 –31018.504152 
73 –31018.503743 
74 –31018.502555 
75 –31018.501984 
76 –31018.451537 
77 –31018.358249 
78 –31018.355731 
79 –31018.355494 
80 –31018.352805 
81 –31018.253577 
82 –31018.137916 
83 –31018.004477 
84 –31017.980107 
85 –31017.888192 
86 –31017.879992 
87 –31017.879901 
88 –31017.675581 
89 –31017.431967 
90 –31017.336042 
91 –31017.292564 
92 –31017.286389 
93 –31017.183684 
94 –31017.042073 
95 –31016.974390 
96 –31016.729304 
97 –31016.727409 
98 –31016.342548 
99 –31016.236552 
100 –31016.027601 
101 –31015.789085 
102 –31015.618683 
103 –31015.462839 
  
